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SUMMARY 

An investigation has been  conducted with a I - sca le  model in t h e  

Langley 300 MPH 7- by 10-f oot tunnel, the  -ley free -flight tunnel, 
and ths Langley 20 -foot  free -sphning tunnel  to determFne t h e  path 
and motion  of a transonic amlane nose section when jettisoned. The 
Fnvestigation  included  determination  of the  probable  acceleratione 
that  would  act on a pilot in the jettfsoned mse section. 
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The results  of  the  investigation  indicate  that when an airplane 
nose section  without  stabilizing f ine  is  jettisoned,  it will have an 
inherent  tendency to  turn amy from a stable  noee-first  attitude  and 
therefore came an increased  drag  which may cans8  high  accelerations 
on the  pilot  within  the nose section. The results also indicate 
that  forcible  forward  ejection  of a fin-stabilized  jettisonable nose 
section may be necessary 
the rest of the  airplane 
where  high  negative lift. 
cause  high  accelerations 

to assure clean separation of the nose fram 
and to force  the nom forward  of a region 
due to the .nearness of  the  rear body may 
on a pflot. 

r n O r n C T I O N  

A proposed  method of prTovidfng for emergency  pilot  escape from 
high-speed  airplanes  consfats  of jettisonhg t h e  nose section  of t he  
fuselage  clear  of the reminder of the airplane, w f t h  the break-off 
station just  rearward of the  pilot's  station; the pilot  leaves t h e  ' 

nose section  after it has decelerated  to a safe,speea. 
I 
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~n previous  investigations  (references 1 and. 2), it was indicated 
by  tests of the nose  alone  that became of inherent  instability of the 
nose  section,  the  pilot will be subjected to high  accelerations 
unless the nose is  stabilized so that  it will travel in a nose-first 
attitude. The adequacy o f  f Fns for  this  purpose,  both  at low speeds 
and at supersonic  speeds, has been  indicated in references 1 to 3. 
Also; the  forces and moments  acting on a nose when in the  vicinity  of 
the  rear  portion of t h e  amlane model  have  been  measured  (reference 4). 

. .  

’ The purpose of the  present  investigation was to  determine the path 
and motion  of a nose section botli with  and  without-  fins  immediately 
after  its  release  from an airphne and t o  ascdrtain t h e  accelerations 
acting on the  pilot  resulting  from the behavior of the  nose. For the 
investigation, a dpmnic model of t h e  nose section  of a --scale 1 model 

representative of a transonic airplane was released  from the rest of 
t h e  model which was fixed in vezious  attitudes in t h e  Langley 300 MPH 
7- by  10-foot  tunnel, the Langley  free-flight  tunnel,  and t h e  Langley 
20-foot f r e e - s p w  tunriel. A few nose .releases were also made for 
various conditions-of the model demending freely Fn t h e  spin tunnel. 
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SYMBOLS 

m mass, slugs 

Ix, IY, 12 . moments  of  inertia  about X (longitudiml), Y (lateral), 
and Z (normal)  body axes, respectivel;y,  slug-feet2 

V airspeed,  feet per second 

P density of air, slugs per  cubic  foot 

S displacement,  feet 

Q acceleration o f  gravity (32.17 ft/sec2) 

t time,  seconds 

R .  scale  ratio,  ratio  of any dimension  of  full-scale nose 
section to corresponding  dimension  of  model nose 
section 

Subscripts: 

V vertical  component 

Y 

! 
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h  horizontal component 

m model 

f a  f u l l  scale 

The model used in the nose-release investigation-was cogalder& 

t o  be a --scale model representative of a transonic  airplane. A three- 

view d r a w i n g  of the model is shown i n  figure 1 and a photograph of 
the model is shown as figure 2. For the investigation, the nose of the 
model was mde removable a t  a s ta t ion  4 Fnches (100 in., fu l l  .scale) 
reamard of the f ront  end of the f u e l a g e .  Sketches of t he  nose section 
with and without  the  stabilizing f Fns are pesentad in  figure 3 .  For t h e  
nose releases from the  fixed model, the no88 was ballasted w i t h ' l e a d .  
weights t o  approximate dpmnic  similarity to  the fuU-scaLe nbse section 
a t  an a l t i tude  of 15,000 f e e t  ( p  = 0.001496 slug per cu f t ) .  For the 
nose releases from the model when descending f ree ly  in the Langley 20- 
foot  free-spinning tuzmel, both the nose and the cnmplete model were 
dynamically ballasted. 'The =sa data flor the nose sectionmodel and 
f o r  the complete airplane model in terms of full-scale  values are 
presented in table I. 

1 
25 

Wind Tunnels a a d  Tests 

For  the  nose-release  tests conducted i n ' t h e  Langley 300 MPB 7- 
by 10-foot tunnel, which is a horizontal  atmospheric wind tunnel, the 
niodelwas attached t o  a steel   bracket mounted t o  the tunnel ceillng. 
The no88 was held in place by an electromagnet i n  the model and was 
released when desired by opening the c i r cu i t  that supplied  current t o  
the  electromagnet.  Releases were =de for the nose w i t h  and without 
fins w f t h  the  airplane model a t  Oo angle of &tack  for tuzlnel airspeeds 
rang- from 60 miles per hour t o  150 miles per hour. Also, a few 
releases were made w i t h  the airplane model a t  50 and -5O angle of a t tack 
for   the  f in-s tabi l ized nose a t  150 miles per  hour. The full-scale 
airspeed range corresponding to the tunnel  airspeed  range would 

i 
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be from 300 miles per hour t o  750 miles  per  hour.(neglecting 
compressibility  effects), based on t he  following  relationship from 
reference 5: 

I 

A complete description of the Langley free-fl ight  tunnel and its 
operation is  given in  reference 6 .  This tunnel  can be t i l t e d  so that 
its  air stream i s  deflected up or   dam from horizontal, and it was 
therefore a convenient  tunnel i n  which t o  make nose-release  tests from 
conditions  simulating  gliding and  climbing f l i g h t  of the  airplane. For 
these t e s t s   t he  model was held i n  place by stout-cords  fastened  to  the 
walls and ceil ing of the  tunnel and the nose section w a s  released when 
desired by pulling out two light str ings which held it-in place. These 
t e a t s  were conducted only f o r  the nose without-fins and with the  airplane 
model a t  simulated  glide  path anglea of Oo ( l eve l   f l i gh t ) ,  loo climb, 
and 300 dive, and f o r  angles of attack of 00 and 8O. All t e a t s  in the . 
-ley free-f l ight  -tunnel were made a t  a tunnel  airspeed of 56 m i l e s  
per hour (280 mph, fu l l  scale) . 

The Langley 20-foot  free-spinning  tunnel is a vertical  tunnel  with 
a ver t ical ly   r is ing air stream.  The.operation of the tunnel i s  generally 
similar to  that f o r  the Langley 15-foot  free-spinning  tunnel as described 
in reference 7. Rose-release t e s t s  were conducted f o r   t h e  nose  with 
and without f i n s  while  the model was mounted i n  the tunnel a t  Oo angle 
of attack  simulating  vertical nose-down flight. Also, a few f r e e  t e a t s  
were made w i t h  the complete W i c  model f o r  which the nose was 
jettisoned  while the model was spinnfng freely in the tunnel  or In a 
condftion  simulating  uncontrollable  free  descent of the air-plane  following 
loss of a wing or  of the tail. For these free tests, the. model was 
launched by hand into the ver t ical ly  rislng air  stream. A remote-control 
magnetic device in the  Wdel was used t o  release the  nose. The h e 1  
airspeed i n  t he  testa was approximately 35 miles per hour (175 mph, 
f a  scale). 

h t i o n   p i c t u r e s  were made  of all the t e s t s .  The camera speeds used 
were approximately 100, 48, and 64 frames  per second fo r   t he  tests 
in the Langley 300 ME3 7- by 10-foottunnel, the Langley f ree-f l ight  
tunnel, and the Langley 20-foot  free-spinning tunnel, respectively. 
In the Langley 3OO.MPH -7- by 10-foot  tunnel, a time indicator  calibrated 
t o  0.01 second was filmed simultaneously with  the  nose-release  testa 
Fn'order  to  obtain an accurate  determination of the camera speeds. 

I 
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Analysis of Tests 
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From the motion pictures of the t es t s ,  the path and motion of the 
nose sect ion  af ter  each  release were plotted. Curves were then drawn 
showhg the horizontal and ve r t i ca l  displacements w i t h  time of a point 
a t  the   p i lo t  'a head as the nose moved in the air stream. The relation- 
ships used in obtaining the ful l -scale  displacement-time  curves f o r  the 
nose section were obtained from reference 5 and m e  as follows: 

Sfs = Rem 

and 

The first asd second differentiations of the displacement-time  curves 
were obtained  graphically t o  show the  full-scale  horizontal and ver t ica l  
velocit ies and accelerations  (with  respect t o  ground) at the   p i lo t ' s  
head. The horizontal and vertical   accelerations obtained were resolved 
trigonometrically in to  component8 acting along the backbone of the   pi lot  
(called  longitudinal  accelerations) and frm the front t o   t h e  back of 
the p i l o t  (cal led  t raswerse  'accelerat ions) .  These acceleratiollrs are 
cornpaxed with data in  reference 8, which gives information on human 
tolerance  to  &celeratio&,  dthough it has been indicated that recent 
experience by the Air Force polrits t o  the possibi l i ty  that 'manla tolerance 
t o  negative  accelerations along the backbone may be greater  than  the 
limits shown i n  reference 8. Although the  graphically  obtained  acceler- 
ations  presented  herein are  believed t o  be accurate 0- wLthin *2g, it 
is  fe l t   nemrthe less  that the  results  obtained axe an accurate  qualitative 
indication of whether or not the p i l o t  is l i k e l y t o  encounter large 
accelerations. 

RESULTS AND DISCUSSION 

The resu l t s  have not been corrected  for Mach number and Reynolds 
number effects  and therefore  cannot be taken as quantitatively  correct. 
It i s  believed,' however, that %hey give a qualitative  Fndication of 
results that w o u l d  be obtain& a t  large Reynolds numbers and a t  
supersonic  speeds. 

. Rose without  Fins 

.When released i n  the Langley 300 MES 7- by 10-foot tunnel, t h e  . 

nose without fins pitched downward about its Y-axis (counterclockwise 
when viewed from the l e f t  w i n g )  as it dropped below and t rave led   behM 
the restrained  airplane model. TJm nose usually made about one turn 
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before it went out of camera view or h i t  Fn a W e t s   n e t  mounted 
downstream i n  t h e  tuzmel. Motion-picture film s t r i p s  and plots  of the 
variations of displacement,  velocilg, and acceleration w i t h  t i m e  

- obtained for   typical   re leases  of the nose section a r e  presented in  
. f.igures 4 t o  9.  These tests wBre made a t  airspeeds  corresponding t o  
. full-scale  true  airspeeds a t  15,000 f e e t  of 400 miles  per hour and 625 m i l e s  

per  hour as indicated on the figures. The accelerations which  would a c t  
along  the  pilot 's  backbone during the releases are  presented i n  f igqes  6 
and 9 and i t - can  be men that af"ter the  releases a t  400 miles per hour 
and 625 miles per hour a p i l o t  would encounter  negative  accelerations 
(blood mass shifting toward head) of 8g f o r  0.16 second and 12g . 

f o r  0.07 second, respectively, which, according t o  reference 8, a r e  
more severe than a man can  tolerate. . It i s  believed that the high 
accelerations were due primarily t o  &h increase in  drag result ing 
when the ' je t t isonable  nose turned away from a nose-fir&  attitude. 
This is  indicated by the r e s u l t s   i n  figures 6 and 9 which show that 
the  large  accelerations w e r e  existent-by the time the model had 
turned t o  a n  a t t i tude  approximately at right angles t o  i ts  forward 
motion. Similar results have been indicated at supersonic  speeds 
(reference 2) when modelg of isolated  jettisonable nose sections 
without f i n s  were pro Jected in the Langley free-flight"  apparatus. 

I 

I .  

Supplementary t e s t s  made on an isolated v c  model of a nose 
section  munted free to   p i t ch  have  indicated that at  high  forward 
speedEl a nose section w i l l  not tumble continuously end over end, as - .  
waa indicated as possible in reference 1, but would trlm approximately , 
at right angles t o  i ts  linear path. Sta t ic   force   t es t s  mde on a nose 
also have indicated that tr- would occur at  approximately goo t o   i t e  
path (reference 4 ) .  It thus appears that although a full-scale nose 

nevertheless trim across i ts  path, thus giving rise t o  large 
accelerations. 

. section  without fins may not tumble a t  high f o m d  speeds, it w i l l  

When the nose was released' fn the Langley free-fl ight  tunnel from 
conditions  simulating l e v e i  and climbing flight a t  both 00 and 80 angle 
of.attack,  the motion of the nose waa generally similar to i ts  motion 
when released in the Langley 300 m . 7 -  by 10-foot  tunnel a t  the lower 
airspeeds. However,  when released during sfmdated 30' gliding f l i g h t  
the nose pitched upward (clockwise when viewed from the l e f t  whg) 
instead of dawnward,and collided wikh the front--of the rest of the model. 
It i s  recognized-that such a -&ollision may not  necessarily  occw  following 
jett isoning of the ful l -scale  noae inasmuch as the rear body would 
probably not  continue  flying w i t h  unchanged speed and direction such 
as was simulated.dwFng the nose releases from' the mounted  model. 

'However, calculations were made of the accelerations which  would have 
acted on a p i lo t  due t o  the nose striking the rear body and t o  the 
ensuing rotat ion mxl the results  indicated kha t  the pi lo t  would be 
exposed t o  a negative  acceleration of approximately log f o r  0.03 second 

L 
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along the backbone. Reference 8 indicates that a m a n  can to le ra te  
a negative  acceleration of log f o r  ody. 0.007 second.. Photographs 
of the nose as  it. was released and as it struck the rear body a r e  shown 
In the motion-picture  stripe of figure 10. 

. When the nose was released a t  low epeed w h i l e  the airplane model 
was mounted in  a ver t ica l  nose-down a t t i tude  in the Langley 20-foot 
free-spinning -el, the nose, as w a s  expected, want fnto an end-over- 
end tumbling  motion similar to that obtained with the h r g e r  model of 
the nose investigated previous- (reference 1). men released from 
the free model, the nose a lso  started tmibling and sometimes struck. . . e  
wing or the tail soon af-*r being  released. The collisions could 
probably have been avoided by jett isoning the nose with a forcible. . 
forward  ejection. The nose is shown etr iking the w i n g  of the f r ee  

’ airplane model a f t e r  being  releaeed  during sFmulated uncontrollable 
fl ight  following loss of the tail in the mtion-picture   s t r ipe of 
f igure 11. 

Fin-Stabilized Nose 

When released f r o m  the  airplane model mounted at Oo or -5O angle 
of a t t ack   i n   t he  Langley. 300 MPE 7- by  10-foot tunnel for all the test 
airspeeds,  the finned nose traveled in n o s e - f o m d  stable flight a8 
it went below and behind  the  restrained  airplane model. When the  a i r -  
plane model was at 5O angle of attack,  the stable nose traveled above 
the  reas body instead of below it. The results  indicated that f o r  the 
higher alrspeeds,  the  pilot in the fin-stabil ized nose would be subjected 
t o  high negative  accelerations along his backbone when the nose went below 
the rear body. When the n o m  went  above the rear  body-, the  accelerations 
obtained wou ld  be posi t ive  dong  the p i l o t  * a  backbone. Motion-picture 

.’ f i lm strips an& plots  of the  variations of displacement,  velocity, and 
acceleration with time obtained from t he   t e s t s  in which the  f in-stabil ized 
nose went below the  rear  body after being released a t  airspeeds  corre- 
sponding to full-scale true airspeeds at l5,OOO f ee t  of 400 miles per hour 
and 625 miles per hour are presented in  figures I 2  to 15. . Because the 
nose was stable,  the accelerations &p and ah i n  figures.13 and 15 
represent  accelerations acta along the badkbone (longitudinally) and 
transversely,  respectively, through the pi lo t  * s  body. It can be seen 
in figure 15 that a f t e r   t he  nose release at 625 miles per  hour (full- 
scale  airspeed), a p i lo t  would encounter a high  negative  longitudinal 
acceleration of l2g f o r  0.04 second due to the  rapid downward movement 
of the nose. The rapid downward. movement was probably  caused .by the 
development of a Mgh negative lift on the nose just as the nose s ta r ted  
t o  s l ide  down f’ramth.e rear  body.  Such a region of high.negative lift, 
a@ resul t ing large acceleration, has previously been shown to e d s t  
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by the  resu l t s  of ca lcu l8 t iog  based on force   t es t s  on a large  scale 
model of the nose a e c t i o n l n  the presence of the rear body (reference 4). 
It appears,  therefore, that it may be necessary to   e j ec t   fo rc ib ly  a 
fin-stabil ized nose sectioh f m a r d  of the region where high negative 
lift due t o  the nearness of. the rear body might-cause high  accelemtions 
on the p i lo t .   I n  regard t o  the transverse  acceleratione which may act 
on a p i l o t  i n  a fin-stabil ized  noae, , the results on figures 13 and 15 
indicate that these accelerations are mall and well within  the limit 
that a man .can tolerate .  These amall transverse  accelerations  are  in 
agreement wlth results obtained when fin-stabil ized models of isolated 
nom  sections were fired (reference 2) at Mach  nuznbers of 1.2 t o  1.4 
in  the Langley free-flight  apparatus. 

When several  releases of the fin-stabil ized nose were made from the 
airplane model  moimted i n  a ver t ica l  n o s e - d o ~  position in the Langley 
20-foot f2ee-spimhg tunnel, t h e  nose oleare& the rea.r body though 
sometimes by a narrow margin. When releafled w h i l e  the  airplane model 
WFLB free in  the tunnel, the nose scanetimea cleared the rear body and 
sometimes h i t  the wing jut a5 did the unstable nose as mentioned 
prevfously.  Collision between no88 and rear body can probably be 
avoided by use of forcible  forward ejection. A description of an 
experlmental  investigation in  which forc ib le  f okmrd ejection was u8ed 
t o  separate  satisfactorily a fin-stabil ized nose from a rocket model 
in flight at a Mach nmiber  of 0.8'7 i s  presented in reference 9. 

concuTsIoms 
I 

The results of- an investigation  to determine the motion of a 
jettisoned nose of a model representative of a traneonic  research 
airplane indicate that nose sections  without stabilizing fins have an 
inherent- tendency t o  turn away from a etable noee-first   at t i tude and 
therefore  cause an increased drag which may cause high acceleratione 
on the pi lo t .  The re-sults d 8 0  Indicate that forcible forward 
ejection of a fin-stabil ized  jett isonable nose section may be necessary 
t o  amur8 clean separation and t o  force the nose forward of a region 
where high negative lift due t o  the nearness of the rear body may c a u e  
high accelerations on the p i l o t .  

Langley Aeronautical Laboratory 
National.  Advisory Caulmittee for. Aeronautics 

Langley A i r  .Force Base, Va.. 
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TABLE I. - MASS CHARACTERISTICS OF A 1 ” S C A L E  MOIEL REZRFSENTATIVE 
25 

OF A TRAIEONIC AIRpLAmE AND ITS JETTIS0mABI;F: NOSE SECTION 

[Model values  converted t o  corresponding full-scale values; mbments 
of i ne r t i a  a r e  given  about  center-of-gravi* locations of 
a i r p m e  and nose, respectively.] 

Moments of i ne r t i a  
Weight (slug-f t2> Center-of -gravity . ’ 

(lb) Configuration location . 
. .  IX 

L 

A i r p l a n e  model, 20.5 percent of m e a n  
h C l U d m  M80 aerodynamic chord uy182 3024 

- 
Nose model Approximtely 66 percent 

766 33 of length of nom (front  
t o  back) 
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Figure 1.-~ee--view drawing of the -- scale model of a repreeentative 

25 
transonic airplane ueed in the noee+elease investigation. 
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Figme 2.- The --scale mDdel of a representative  transonio airplane used In the n o m l e a s e  I. 
25 - Investigation. 
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Figure 4.- Motion-picture strips of unstable no88 release at 80 miles 

per hour (400 mph, full  scale 1 in the Langley 300 MPH 7- by 1-f oot 
tunnel. T 
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Figure 4.- Concluded. T 
IL L-63060 
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Figure 5.- Varlalilau of vertical and hmieontal displacenren't, velocity, and acoeleration with time 
for nom section  not  stabilized with fine when released at 80 rdlas per hour (403 mph, full ~ c a l a ) ,  I2 
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46 

Figure 6.- Variation of acceleration along p i l o t ' s  backbone with t3ne for nose section not stabilized, 
with fins when released at 80 miles per hour (400 qph, full scale).  Cross hatching indicates 
limits of human tolerance t o  acceleration, a6 obtained from reference 8. GI 
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.Nose . . . - . -. 
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Figure 7.- Motior+picture strips of unstable nose release at 125 miles 
per hour (625 mph, full scale) in the Langley 3b0 MPH 7- by lCLfoot 
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Figure 7.- Concluded. 
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(a) Vertical. 

Figure 8.- Variation of ve r t i ca l  and horizontal dieplacement, velocity, 
and acceleration with time f'br no& section  not  stabilized  with fins 
when released a t  125 miles per hour (623 mph, full scale) . 
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(b) Eoriz ontal. 

Figure 8 .- Concluded.. 
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Figure 9.- Vmiation of acceleration along p i l o t ' s  backbone with time fox nose section  not  stabilized 
with fins when released at 125 miles per hour (625 mph, full scale).  Cross hatcMng  Indicates 
Umits of hmm tolerance t o  acceleration, an obtained from reference 8. 

W 
W 



! 



* NACA RM LgL08a 
I 

L 
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Figure lO.-Motian--picture s t r i p s  of unstable nose release i n  the 
Langley free-flight  tunnel. S 4 t e d  30' gliding f l i gh t ,  angle 
of a t tack is 8 O .  
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Figure ll.- Motion  pictures  of unstable nose release f r o m  model without 
tail in the Langley 2-foot free”spirming tunnel. - 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure U,- Concluded, =-B7 
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Figure 12.- Motion-picture etrips of fin+tabilized no88 release at 
80 miles per hour ( b o  mph, full male 1 in the Langley 300 MPE 
7- by 1-f oot tunnel. 
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Figwe 12.- Continued. 
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Figure 12.- Continued. c E63072 
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Figure 12.- Concluded. - v L-63073 
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Figure 13.- Varlation of ve r t i ca l  d ' h o r i e o n t a l  displacement, velocity, and acceleration vl th  time uI 
for W a t a b i l i e e d  nose release at  80 m i l a s  per hour (4.00 mph, full scale).  Cross  hatching "1 
indicates limits of human tqkrance  to   accelerat ion,  as obtained from reference 8. 
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Figure 14.- Motion-picture strips of fin-stabilized nose release at 
125 miles per hour (625 mph, full scale ) . in the Langley 300 MPH 
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Figure 14.- Concluded. m -597 
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(a) Verticd. 

Figure. 15.- Variation of vertical and horizontal dirrplacment, velocity, and acceleration with time 
for  fh s t ab i l i eed  nose release at I25 miies per hwr (625 mph, full scale). Cross hatching 
indicates limits of hmm tolerance t o  acceleration, as obtained from reference 8. 
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(b) Horizontal. 

Figure 15.- Concluded. 
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